Abstract-In an approach towards the enantioselective total synthesis of the novel bioactive natural product Sch 642305, an unusual diastereoselection during the key RCM reaction, resulted in the synthesis of the 11-epi-isomer of Sch 642305.
More recently and quite intriguingly, the presence of 1 has also been encountered in the isolates of the fungus Septofusidium sp. by a group at Merck and shown to exhibit inhibition of HIV-1 Tat-dependent transactivation with an IC 50 value of 1.00 lM. 3 The structure and absolute configuration of 1 was elucidated by X-ray diffraction studies 1 on its p-bromobenzoate derivative. While the unusual framework of 1, composed of a 4-hydroxycyclohexenone moiety fused to a decalactone moiety and the presence of four stereogenic centres makes it a challenging synthetic objective, it is the unique and broad-ranging 1, 3 biological activity profile of Sch 642305, which evokes special appeal towards a synthetic foray.
We have very recently accomplished 4 the first total synthesis of (+)-Sch 642305 1 following our second generation approach in which C8-C9 double bond formation through a RCM reaction was the pivotal step to generate the decalactone moiety. On the other hand, in our first generation approach to 1, retrosynthetically depicted in Scheme 1, we opted for the generation of the decalactone moiety on a preformed cyclohexenone platform through a RCM protocol involving the formation of the C9-C10 double bond. During the implementation of this approach (Scheme 1), we encountered an unexpected diastereoselection during the key RCM step and this culminated in the synthesis of 11-epi-(+)-Sch 642305 2 rather than the natural product 1. This interesting observation leading to the synthesis of (+)-2 forms the subject matter of this letter. According to the retrosynthetic theme displayed in Scheme 1, the previously described chiral synthon (+)-4, 4,5 conveniently prepared from the readily available Diels-Alder adduct 3 of cyclopentadiene and p-benzoquinone, was to serve as our starting point. Stereocontrolled conjugate addition and retro-[4+2] reaction in (+)-4 was expected to deliver 5 in which sequential aalkylation to 6 and transesterification to 7 was expected to set up the key RCM reaction enroute to the natural product.
In actuality, Cu(I) mediated addition of butenylmagnesium bromide to the chiral synthon (+)-4 proceeded with good exo-face selectivity (15:1) to furnish (+)-8. 6 Thermal activation in (+)-8 disengaged the cyclopentadiene fragment through a retro-Diels-Alder reaction to deliver cyclohexenone (À)-5 (Scheme 2). Kinetically controlled a-alkylation 7 in (À)-5 proceeded with good stereoselection to furnish (À)-9 with the desired stereochemical orientation of the two side arms. 6 Controlled Luche reduction 8 in (À)-9 furnished a readily separable mixture of epimeric alcohols (À)-10 and (À)-11 (1.3:1), Scheme 2. 6 The lack of stereoselectivity in the reduction of (À)-9 was not a major deterrent as the unwanted isomer (À)-10 could be readily oxidized to the enone (À)-9 and recycled. The stereochemistry of the required epimer (À)-11 was secured by its conversion to the c-lactone 12 on exposure to titanium isopropoxide (Scheme 3). TBS-deprotection in 12 led to hydroxy-lactone 13 and further derivatization to the p-nitrobenzoate 14 furnished crystals suitable for X-ray structure determination 9 and an ORTEP diagram is displayed in Scheme 3.
The free hydroxyl group in (À)-11 was protected as the TBDPS derivative to give (+)-15, 6 so that the two silicon protecting groups on the six-membered ring could be easily chemo-differentiated (Scheme 4). Transesterification 10 in 15 with racemic 3-buten-2-ol in the presence of titanium isopropoxide proceeded smoothly and expectedly furnished a 1:1 diastereomeric mixture of esters 16a,b, the projected precursor for the key RCM reaction as per the retrosynthetic sequence shown in Scheme 1. Since, the diastereomers 16a,b were inseparable, they were as such subjected to the RCM reaction using the GrubbsÕ first generation catalyst 17.
The initial attempts to induce RCM in 16a,b with GrubbsÕ catalyst 11 were unsuccessful and attributing this failure to the intervention by unproductive chelation (see 18 and 19) by the evolving carbene species, as has been observed previously, 12 we decided to explore 17 and Ti(OiPr) 4 Indeed, exposure of 16a,b to GrubbsÕ catalyst 17 in the presence of Ti(OiPr) 4 led to a single product (+)-20 in modest yield and we were somewhat surprised to observe that this reaction did not proceed to completion and that only one of the diastereomers had undergone the RCM reaction although at this stage it was not clear as to which diastereomer had reacted. This finding was complemented by the observation that recovered 16a,b from this RCM reaction exhibited enrichment of the unreacted diastereomer. When we attempted to perform the RCM reaction under forcing conditions or for longer duration or with the GrubbsÕ second generation catalyst, 13 the results were disappointing and mired with complications. However, unmindful of the exact C-11 methyl stereochemistry in 20 at this stage but drawing solace from the fact that we were dealing with a single diastereomer, we proceeded further. Regioselective hydrogenation in (+)-20 was uneventful and led to (+)-21 (Scheme 4). Chemoselective deprotection 14 in (+)-21 led to the allylic alcohol (+)-22, which was further oxidized with PDC to the corresponding enone and the TBDPS group was deprotected to furnish 2 and not the anticipated natural product 1. 6 The spectral characteristics of 2, though similar to that of 1, were not identical with that of the natural product. The formulation of 11-epi-Sch 642305 (+)-2 led us to surmise that during the key RCM reaction on 16a,b, only the amethyl diastereomer 16a reacted and this diastereoselection led exclusively to the formation of (+)-20 (Scheme 4).
The sensitivity of the RCM reaction to substitution on the participating alkene moieties, steric environment in the vicinity of the alkenes and presence of ligating groups among other factors have been noted before. 12 However, the profound effect of the stereochemistry of the vicinal substituent (methyl group) on the course of the RCM reaction of 16a,b observed here is quite unusual. We do not have a ready explanation for this diastereoselection but steric interactions between the b-methyl group of 16b and the b-oriented C6-alkene arm might be a causative factor that destabilizes the requisite alignment of the alkenes, thereby leaving the a-methyl isomer 16a to undergo the RCM reaction to furnish 20.
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